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1.0 OBJECT 

The o b j e c t  of t h i s  i n v e s t i g a t i o n  w a s  t o  subject f l u o r o s i l i c o n e  
r i n g s ,  such as were o r i g i n a l l y  used. ' in the 60B51441 

GOX Flow Cont ro l  Valve, t o  a h i g h  temperature ,  h i g h  p r e s s u r e  
oxygen atmosphere to  determine t h e i r  r e l i a b i l i t y  i n  GOX flow 
devices .  

11 11 0 

2.0 BACKGROUND 

The S-IC Stage  LOX Tank is p res su r i zed  through t h e  GOX 
Flow Cont ro l  Valve, p a r t  number 60B51441. Th i s  valve w a s  
designed wi th  seals of a f l u o r o s i l i c o n e  rubbe r  which does 
n o t  'meet t h e  requirements of MSFC-SPEC-106 f o r  LOX compati- 
b i l i t y .  
S-IC-501 i n s t a l l a t i o n . ,  were r e f i t t e d  w i t h  V i ton  seals which 
are LOX compatible p e r  MSFC-SPEC-106. 

Subsequently,  a l l  of t hese  va lves ,  except  f o r  t h e  

P r i o r  t o  t h e  r e t r o f i t t i n g ,  several of t h e  GOX flow c o n t r o l  
valves (with s i l i c o n e  seals) had been used s u c c e s s f u l l y  by 
Chrys l e r  i n  s t a t i c  and f l i g h t  f i r i n g s  of the S-1B s t a g e  and 
by Boeing during s t a t i c  f i r i n g s  of t h e  S-IC s t a g e .  

I n  c o n t r a s t  t o  t h i s  behavior ,  t h e  f a i l u r e  of s i l i c o n e  seals 
as t e s t e d  p e r  MSFC-SPEC-106 i s  a lmost  complete. When impacted 
i n  l i q u i d  oxygen from 90 t o  100% o f . t h e  specimens w i l l  
react v i o l e n t l y .  

This  test w a s  o r ig ina t ed  t o  o b t a i n  more informat ion  on t h e  
behavior  of f l u o r o s i l i c o n e  ''0" r i n g s  i n  a GOX environment 
s imula t ing  c l o s e l y  the  GOX Flow Cont ro l  Valve ope ra t ing  
cond i t ion ,  i . e . ,  500'F and 1500 p s i g .  Two f a i l u r e  modes 
w e r e  examined: Oxidation and Leakage. 

3.0 CONCLUSION 

F luoros i l i cone  "0" Rings as t e s t e d  a t  500'F and 1500 p s i g  
d i d  n o t  f a i l  by oxida t ion .  

F a i l u r e  occured by phys ica l  a t t r i t i o n  of t h e  r i n g  when t h e r e  
was s u f f i c i e n t  mechanical i npu t .  Without such a n  i n p u t  t h e  l i f e  
of the r i n g  i s  i n  excess of f i v e  (5) minutes a t  t h e  given 
temperature  and pressure.  The n a t u r e  of the gas ,  oxygen o r  
n i t r o g e n ,  had l i t t l e  o r  no e f f e c t  on t h e  mode of f a i l u r e .  
test r e s u l t s  i n d i c a t e  t h a t  t h e  f l u o r o s i l i c o n e  "0" r i n g  material 
w a s  adequate  f o r  t h i s  des ign  a p p l i c a t i o n .  

The 
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4.0 . RECOMMENDATIONS 

It is recommended t h a t  f u r t h e r  e f f . o r t s  be d e  t o  e s t a b l i s h  
l i m i t s  f o r  materials i n  oxygen environments on the  b a s i s  of 
a c t u r a l  usage condi t ions .  

5.0 PROCEDURE AND RESULTS 

5.1 PROCEDURE 

O-ring seals  made from S t i l lman  Rubber Co. 
a f l u o r o s i l i c o n e  ma te r i a l ,  were t e s t e d  irr a GOX atmosphere t o  
determine t h e i r  r e s i s t a n c e  t o  high-temp h igh-pressure  oxygen. 
The s i z e s  of t h e  r i n g s  chosen w e r e  A-006, A-010, and A-034. 
The specimens were t e s t e d ,  3 s i z e s  a t  a time, i n  a p res su r i zed  
f i x t u r e  a t  1500 psig and 500°F. 
w a s  app l i ed  t o  t h e  f i x t u r e .  
i n p u t  of 15"/min. w a s  appl ied  t o  t h e  s h a f t  i n  t h e  f i x t u r e .  
Only t h e  A-006 and A-010 s i z e  "0" r i n g s  w e r e  subjec ted  t o  t h e  
r o t a t i o n a l  i npu t .  The d u r a t i o n  of t h e  tes t  w a s  f i v e  (5) 
minutes  a t  temperature ,  ramp t i m e  n o t  inc luded .  

TH1057 compound, 

A v i b r a t i o n  inpu t  of 65 g ' s  
Simultaneously,  a small r o t a t i o n a l  

A t o t a l  of twelve test runs  i n  oxygen w a s  made, followed by 
f o u r  i n  n i t rogen .  

Each specimen, each too l ,  and each ins t rument ,  inc luding  t h e  
test f i x t u r e ,  w a s  LOX cleaned according to t h e  app l i cab le  
requirements  of MSFC-SPEC-164. The tes t  f i x t u r e  and test  
specimens were assembled i n  t h e  LOX Clean Room. Afte r  s e v e r a l  
of t h e  A-006 r i n g s  (5/16 da.)  were broken i n  mounting a small 
amount of KEL-F-90 l u b r i c a n t  w a s  allowed i n  t h e  i n s t a l l a t i o n .  
This  i s  a pe rmis s ib l e  l u b r i c a n t  f o r  LOX c leaned  systems. 
w a s  a l s o  used i n  t h e  i n s t a l l a t i o n  of t h e  A-010 r i n g  and 
t h e  A-034 r i n g .  

It 

T e s t  i n s t rumen ta t ion  included a 5000 ps ig  R e i s e  gauge r a t e d  
a t  f .025% f u l l  s c a l e  accuracy.  
Endevco Model 2245, r a t e d  *5%. 
25°F and were mounted (1) near  t h e  specimen, (2) i n  t h e  
f i x t u r e  w a l l ,  and (3)  i n  t h e  gas  cav i ty .  
see D-13185C). 

The tes t  procedure was as fo l lows:  

The accelerometer  was an 
Thermocouples were r a t e d  

(For f u r t h e r  d e t a i l s  

1, The f i x t u r e  was pressur ized  t o  300 ' p s ig  and depressur ized  
f ive t i m e s  t o  remove a i r  from t h e  test  f i x t u r e .  

2. The f i x t u r e  was pressur ized  t o  1500 p s i g  and a room 
temperature  s e a l  leakage measurement w a s  obtained.  

3. A f t e r  t h e  specimen w a s  p re s su r i zed  t o  1500 p s i g ,  t h e  spec i -  
men w a s  heated t o  475°F' 
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5.1  PROCEDURES (CONTINUED) 

4. When t h e  temperature w a s  a t t a i n e d ,  r a n d o m  v i b r a t i o n  
e x c i t a t i o n  w a s  appl ied  f o r  300 seconds, 
s h a f t  r o t a t i o n  was s t a r t e d .  The shaf t  r o t a t i o n  w a s  
reversed  every 6 0  seconds. 

The temperature  w a s  maintained between 475°F and 500°F 
during t h e  tes t  run as measured on t h e  thermocouple i n  
t h e  wall. 

Vibra t ion ,  h e a t i n g  and r o t a t i o n  were s topped  a f t e r  
300 seconds. The f i x t u r e  was then p e n t i t t e d  t o  coo l  t o  
room temperature  and a pos t  test seal leakage  measurement 
w a s  obtained.  

Simultaneously,  

5 .  

6 .  

7. The f i x t u r e  w a s  disassembled. Each specimen was v i s u a l l y  
examined f o r  evidence of d e t e r i o r a t i o n  due t o  ox ida t ion ,  
h e a t ,  o r  f r i c t i o n .  

8.  The f i x t u r e  w a s  then reprocessed through super  c l ean ing ,  
new specimens i n s t a l l e d ,  and t h e  f i x t u r e  rep laced  i n  the  
test  s e t  up. 

9. This  sequence w a s  continued u n t i l  t w e l v e  tes t  runs  
were obta ined  wi th  oxygen gas  and fou r  test runs  were 
obtained wi th  n i t rogen  gas.  

5.2 RESULTS 

S i x  leakage f a i l u r e s  ( i n  excess  of 5 SCLM) wre obta ined  
from s i x t e e n  test  runs.  Four of t h e s e  occurred wi th  oxygen; 
two occurred when n i t rogen  was s u b s t i t u t e d  for  t h e  oxygen. 
This s u b s t i t u t i o n  w a s  made t o  more c l e a r l y  assess t h e  e f f e c t  
of oxygen on "0" r i n g  f a i l u r e .  

A l l  r i n g s  f a i l i n g  were s i z e  A-006 which had t h e  most i n t e n s e  
mechanical loading.  

It w a s  t h e  conclus ion  of a l l  who examined these r i n g s  t h a t  
none of t h e  f a i l u r e s  found a f t e r  exposure to oxygen could be 
a t t r i b u t e d  t o  oxidat ion.  

Regardless  of atmosphere, t he  dynamic loading on the  A-006 
"0" r i n g  (0.11 I. D. ) toge ther  wi th  temperature,  caused a 
f r e t t i n g  of t h e  r i n g  su r face ,  and t h i s ,  coupled wi th  t h e  l o s s  
of s m a l l  p a r t i c l e s  which had been t o r n  from the  s u r f a c e ,  
was s u f f i c i e n t  t o  cause leakage f a i l u r e .  
A-010 and A - 0 3 4 ,  0 . 2 4  and 2.1 I.D. r e spec t ive ly  d id  n o t  f a i l .  

The two o the r  s i z e s ,  

i 
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A s l i g h t  d i s c o l o r a t i o n  seen on some of the r i n g s  was  a s c r i b e d  
t o  t h e  u s e  of Kel-F 90 as a l u b r i c a n t  t o  facil i tate assembly 
and n o t  t o  ox ida t ion  of t h e  "0" r i n g s .  

@U€NfJe 

The A-034 r i n g ,  used as a s t a t i c  s ea l  i n  the test  f i x t u r e ,  
showed no d i s c e r n i b l e  mass o r  s u r f a c e  change, o t h e r  t han  a 
s l i g h t  e x t r u s i o n  due t o  t h e  h igh  pressure .  The e l a s t i c i t y  
a l s o  w a s  apparent ly  unimpaired. 
exposure as t h e  two smaller  r i n g s ,  wi th  t h e  excep t ion  of t h e  
r o t a t i o n a l  loading,  i t  a f f i r m s  t h e  conclus ion  t h a t  t h e  f a i l u r e  
of t h e  A-006 r i n g  (Leakage) was caused by mechanical  stress. 

Since  t h i s  r i n g  had t h e  same 

NO. T5-6556-19 
PAGE 4 

This  conclusion is re in fo rced  by i n s p e c t i o n  of t h o s e  r i n g s  
t e s t e d  i n  n i t rogen .  
t h e  appearance of t hese  r i n g s  w a s  very  sim3lar t o  those  
f a i l i n g  a f t e r  oxygen t e s t ;  a l l  of t h e  f a i l e d  r i n g s  showed 
ab ras ion .  

Half of t h e  A-006 r i n g s  s o  t e s t e d  f a i l e d ;  

6.0 REFERENCES 

1. D-13185C GOX Compat ib i l i ty  T e s t  "0" Rings 
GOX Flow Control  Valve 
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S e r i a l  F igure  Desc r ip t ion  

15,042-5C 
15,456-1C 
15,456-3C 

15,042-6C 
15,456-2C 
15,688-2C 

15,042-7C 1 New A-034 Ring 
15,688-1C 2 A-034 Specimen 53 - Max temp. 467°F 

i n  GOX 
A-034 Specimen 14  - Max temp. 360'F 
i n  GOX 
A-034 Specimen 121 - Nitrogen 475 
nominal 

3 New A-010 Ring 
4 Twelve A-010 Rings t e s t e d  i n  GOX 
5 Four A-010 and A-006 Rings i n  GN . 

(4, 15, and 22 are t h e  most d i s c l o r e d )  
6 New A-006 Ring 
7 Twelve A-006 Rings t e s t e d  i n  GOX 
8 Simulated GFCV Poteniometer  Sha f t  

(As used i n  a l l  tests) wi th  a new 
A-006 Ring and an  A-006 a f t e r  test 
and d i sa s s ' y .  
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Figure 1 
New A-034 Ring . 
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